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I. INTRODUCTION AND SUMMARY 
This report  summarizes the study conducted by Exotech Incorporated 
qdder Task D of the subject contract. This task was i n i t i a t ed  under 
modification No. 2 t o  the contract dated August 15, 1969. 
I 
The study described herein represents a follow-on e f f o r t  t o  the 
-planning study conducted by Exotech Incorporated under an e a r l i e r  contract  
aimed a t  select ing an approach t o  establishing an organic consti tuent 
inventory f o r  the Moon 1, . Based on the r e su l t s  of t h i s  planning study 
NASA selected an approach containing the  following two essent ia l  guide- 
'0 
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The 
Documentation of lunar mission spacecraft should be 
preserved f o r  possible future  examination t o  ident i fy  
types and quant i t ies  of organic materials deposited 
on the Moon. A detailed analysis of t h i s  documenta- 
t i on  should not be undertaken u n t i l  j u s t i f i e d  by 
requirements from investigation of lunar sample 
materials. 
An information system should be established which 
ident i f ies  regions of the Moon where the r i s k  of 
contamination i n  surface samples i s  s ign i f icant ,  
including ident i f ica t ion  of the degree of r i s k  and 
the spacecraft which contribute t o  the location - 
dependent material  contamination. 
present study represents the i n i t i a l  s tep  i n  the implementation 
of the above approach i n  tha t  it considers the d e t a i l e d  procedures'and 
tasks to  be undertaken t o  co l lec t ,  evaluate, s t o r e  and disseminate data 
which w i l l  serve anticipated needs of lunar sample invest.igators, consistent 
with the requirement tha t  costs associated with implementation and operation 
of the inventory be consistent with known needs fo r  t h i s  information. The 
primary tasks pertinent t o  t h i s  e f f o r t  involved: (1) determining the avai l -  
a b i l i t y  of lunar niss ion vehicle documentation and the  means for  col lect ing 
it  i n  a form sui table  f o r  future  evaluation; (2) the col lect ion and 
1Planning Study for  an Organic Constituents Inventory Program, 
R.G. Lyle, Exotech Incorporated, Report No. TRSR-68-029 under 
Contract No. NASw-1666, May 1968 
1 
, 
utilization of spacecraft trajectory parameters, landing sites and dispersion 
atterns for crash and soft landings, and (3) evaluating the compatibility 
,*f required date inputs with the existing Planetary Quarantine information 1 pproach taken in this study and the detailed analysis of the questions 
considered. This is followed in Section IV by a set of recommendations 
for implementing the chemical materials inventory in accordance with the 
guidelines set forth above. 
provided below. 
F 
ys tem. 
Sections I1 and 111 of this report summarize, respectively, the 
A summary of these recornendations is also 
The minimum requirements for the preservation of pertinent mate- I 
rials information are retentrion of documentation by lunar mission 
spacecraft contractors and notif icaiion of the Planetary Quarantine Off ice 
prior to disposal. 
Lunar Orbiter, AIMP, Surveyor and Apollo programs. 
however, the following procedures are recommended for consideration by 
NASA : 
This would apply to NASA contractors for the Ranger, 
In addition to this, 
t3 
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1. 
2. 
3. 
4. 
Designate a Federal Records Center to receive all docu- 
ments and organize a filing system by mission designa- 
tions. 
Order all documentation sent by U.S. Mail to the designated 
Federal Records Center at end of the existing contractual 
requirements for retention, including those documents 
already in other records centers. 
When contractors and agencies desire to retain copies of 
the information, require film copies suitable for aper- 
ture card insertion to be forwarded to the designated 
center. 
Expand COMAT/TRIS System of Apollo program to include 
materials information on module sections not now covered. 
Information is not to include flammability or other data 
as in current system, but should include specification 
and property information which would be of use in iden- 
tifying portions of the material at a later date.- 
2 
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I 5. Require copies o documentation on future  f l i gh t s  t o  be 
supplied within th i r ty  days a f t e r  launch. 
' 1  
cedure i s  recommended as follows: 
Concerning the preparation of an information system, a two s tep pro- 
1. Prepare a contamination r i s k  model of the lunar surface 
e i ther  i n  tabular form or preferably as a "risk-contour" 
map, based on the b e s t  available estimates of spacecraft 
landing si tes and the pa r t i c l e  dispersion associated with 
the mass and velocity character is t ics  of hard and s o f t  
landers. Dispersion models sui table  f o r  t h i s  purpose are  
I the Sandia and Gruxtunan models referred t o  i n  the text .  
2. Disseminate among lunar sample investigators,  and to  
others associated with the planning of lunar s c i e n t i f i c  
exploration information concerning the documentation t o  
be kept i n  storage and the available information. 
a questionnaire to  permit the estimation of expected usage 
of information systems data of various levels of de t a i l .  
The above recommendations a re  expected t o  r e su l t  i n  an optimum pro- 
Include: 
cedure for  the implementation of a lunar chemical contaminant inventory, 
consistent with known cost and technical constraints.  These recommendations 
and the source data upon which they are  based, are  elaborated upon i n  the 
body of t h i s  report. 
The study described herein has been conducted by Robert G. Lyle and 
Lester D. Shubin of Exotech's Systems Research Division, under the' overall  
direction of Samuel Schalkowsky. 
information by the various personnel c i ted i n  th i s  report  from NASA, NASA 
contractors and from the sc i en t i f i c  community, are grateful ly  acknowledged. 
The contributions of highly pertinent 
-.- 
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11. APPROACH TO THE STUDY 
. 1. Definition of the Problem 
The proper application of the results of this study should make. 
possible the preservation of space vehicle documentation from which COP 
taminant identification and quantization may be developed if required, 
and should enable the delineation of contamination risk zones on the lunar 
surf ace. 
In order to gain an in-depth understanding of the entire problem, 
These tasks define the inputs re- it was subdivided into separate tasks. 
quired to accomplish the goals set: 
a. Determine the location and form of the documentation 
required to identify spacecraft materials. 
b .  Examine the available dispersion models developed for 
high speed impact and soft landing vehicles and deter- 
mine their applicability. .. . 
C. Determine the most productive course to follow in the 
collection and storage of pertinent documentation. 
2. Procedures Followed in the Investigation 
Personal communication was established with the cognizant personnel 
(see Table 1) at the agencies and companies holding the documentation, 
Discussions covered the availability of the documentation, 
current form, its storage location, and the length of time 
be retained. These conversations were followed by written 
Nhich formalized estimates by these companies of the costs 
the amount, the 
that it would 
correspondence 
of copying, 
transferring and sorting the documentation in several ways. 
tives are presented within this report. 
These alterna- 
Documents were acquired from the Grumman Aerospace Corp., detailing 
the dispersion model for contaminants emanating from soft landers and from 
the Sandia Corp., relating to both the dispersion of fragments from hard 
landers and the Planetary Quarantine Lunar Programs Information System. 
These documents were examined to ascertain the applicability of the dispersion 
4 
TABLE 1 
PROJECT XAME O F  CONTACT CRGANIZATION 
Ranger 
Surveyor 
Orb i t e r  
Apollo 
M r .  Irl Newland,* JPL 
Librarian 
C. W. Lefever, Mgr.** Hughes Aircraf t  
Contracts, SSD 
H. M. Miller, Mgr. *** Boeing 
Contracts Space 
Arlie Carter 
J. Steinthal  
GE/Hou s t on 
NASA/MSC 
AIMP F. Ledoux GSFC 
*For Technical Information: 
* M r s .  V. Pritchard (213-354-4321) 
** Perry Ackerman (213-648-4134) 
*** W. C. Galloway (206-656-2121) 
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models to the inventory problem and to define the interface between the 
existing information system and the inventory. 
literature study, personal communication was established with a number 
of personnel concerned with the content of these documents, and with re- 
lated problems of lunar surface contamination. 
In addition to this 
In addition to the personnel listed in Table I, conversations were 
held with the following persons: 
1. M r .  A.L. Roark of Sandia Laboratories on the Lunar 
Information System computer program; 
2. Dr. M. Aronowitz of Grumman Aerospace Corp., on the 
dispersion model of the LM exhaust products; 
3 .  Dr. A.L. Burlingame, Space Sciences Laboratory, Univ. 
of Calif., on the sensitivity of mass spectrometric 
measurements of lunar materials; 
.. . , 
4 .  Dr. Elbert King, Curator of the Lunar Receiving 
Laboratory, concerning current practices of sample 
preservation; 
5. Dr. P.R. Bell, Manager of the Lunar Receiving Laboratory, 
concerning possible need for the inventory; 
6. Dr. Donald Flory, Gas Analysis Laboratory, LRL, to 
discuss LM exhaust products, and possible contamination 
in the Surveyor 3 crater; 
Dr. I. Adler of the Theoretical Branch at GSFC, to eelore 
possible needs of the inorganic chemistry investigators. 
7. 
Communication was also established with the Data and Tracking Group at JPL 
to obtain the impact location of Orbiter IV, and with the National Geographic 
Society in order to determine the accuracy and sources of information used 
for placement of the impact sites of the USSR vehicles on their Moon chart. 
The Micromation Co., of Washington, D.C. supplied estimates of the 
cost of various methods of copying documents. 
6 
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I When all of the information was at hand, the alternatives were 
fixdied and conclusions were reached concerning the procedures which 
$odd accomplish the intended goals in the most effective manner. 
ommendations have been developed on the basis of these conclusions which 
wrll enable the cost effective implementation of the previously selected 
inventory approach, mentioned in the Introduction and described in detail 
in Exotech's previous report 
I 
Rec- 
I 
1 
1 
I 
2 
Ibid. 
. .  
-. 111. . AEllALYSIS 
A. Current Status of Documentation 
Ranger: The current s t a tus  of the Ranger Project documentation, 
the e a r l i e s t  of the programs under study fo r  t h i s  report ,  has been reason- 
ably w e l l  defined. A l l  documentation current ly  ex is ten t  i s  stored under 
the cognizance of M r .  Irl Newland, Chief Librarian, and h i s  assistant, 
Mrs. Vivian Pri tchard,  of the Jet Propulsion Laboratory. 
material i s  stored a t  the Federal Records Center, a t  Shelly A i r  Force Base. 
The documentation i s  supposed to  be reviewed every three years f o r  possible 
disposal,  but t o  date t h i s  has not been done, and the Exotech invest igator  
was told tha t  it w i l l  be stored indefini te ly .  
to  turn up i n  various f i l e s  i n  JPL off ices  and i s  sent  t o  the l i b ra ry  when 
i t  is found. 
The bulk of the 
Some documentation continues 
Most of the Ranger documentation i s  on 16 and 35mm fi lm and much 
of it, especial ly  the drawings, i s  stored on aperture cards for  easy re- 
t r i eva l .  Good estimates of the amount of documentation involved i n  the 
Ranger project  have been d i f f i c u l t  t o  obtain, but the best  avai lable  indica- 
t ions a re  t h a t  approximately 10,000 documents and drawings a re  contained 
within the f i l es .  
Lunar Orbiter: Boeing Aircraf t  Co., Sea t t l e ,  Washington i s  con- 
t rac tua l ly  obligated t o  r e t a i n  Lunar Orbiter spacecraft documentation €or 
the following time l i m i t s :  technical data-3 years, f inanc ia l  data-10 years. 
In each case the period begins from the time of the o f f i c i a l  termination of 
the contract .  It should be noted tha t  par ts  l i s t s  fo r  the Orbiter spacecraft 
are contained within 13,000 drawings and ident i fy  the applicable specifica- 
t ions which a re  on f i l e  a t  the Department of Defense Information Center, 
where they are available t o  NASA. 
Surveyor: The Surveyor spacecraft  w a s  fabricated i n  two configurations. 
Surveyors I through I V  a r e  designated Group A;  Surveyors V through V I 1  a r e  
Group B. There a re  suf f ic ien t  differences between the two configurations 
t o  warrant t h i s  division, which r e su l t s  i n  an increase i n  the amount of docu- 
mentaticn required t o  completely describe the spacecraft .  The documentation 
system used by the contractor,  Hughes Aircraf t  Company, permits reproduction 
of both sets of data. 
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The documents pertaining to the Surveyor vehicles are currently * 
held by the Hughes Aircraft Co., El Segundo, California in the form of 
films, aperture cards, and paper copies. Most of the technical data is 
recorded and stored on aperture cards which are of the punched card type 
containing a microfilm insert, coded for retrieval with the document 
identification such as the drawing number. The coding can be extended at 
' -  any time to include such other identification as is needed. 
The Hughes Aircraft Co. estimates that it has approximately 3500 
aperture cards in its possession relating to the Surveyor project. 
likely that some additional documentation exists that Hughes has not 
included, since this is a surprisingly low quantity in comparison with the 
Boeing Company estimate for the Lunar Orbiters. However, the additional 
number of documents is not expected to be large and the estimate by Hughes 
Company is considered acceptable for the purposes of this study. 
It is 
Apollo: There are some 600 major contractors and numerous sub- 
contractors and suppliers for the Apollo program. They have produced 
thousands of drawings and documents, many of which are pertinent to the 
identification of chemical contaminants placed on the Moon. 
9 
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Discussions with Mr. Gerald White at the Grumman Aerospace Corp., 
Bethpage, N.Y., revealed that the General Electric Corp. Houston office 
is the 
ject. 
sys tem 
of the 
craft . 
status 
operating contractor of the COMAT System for NASA on the Apollo pro- 
COMAT is an acronym for "Characteristics of Materials". The COMAT 
is a comput-erized central data bank used in the recording and control 
use of non-metallic materials in the crew bays of the Apollo space- 
It is designed for the storage and retrieval of data on the use, 
and characteristics,of non-metallic materials considered for applica- 
tion in the manned spacecraft. 
of materials in terms of their locations in the spacecraft and quantities 
and the functional requirements of their application. The status data con- 
sists of evaluation of the material safety and habitability in its appli- 
cation LR terms of such parameters as combustion sake, ffre point, 
odor, and carbon monoxide emission. The characteristics data include se- 
lected elements of flammability and outgassing test data. 
The usage data consist of an accomting 
9 
- The documentation used to  supplement the CQMAT data system i s  
3 handled by the TRIS system (Test and Rel iabi l i ty  Infonm&ipn System) . 
This i s  a specialized document acquisit ion,  storage and r e t r i eva l  system, 
using automatic data processing to  provide multiple l i s t i ngs  and cost- 
indexing. TRIS acquires, microfilms, s tores ,  re t r ieves  and dis t r ibutes  
documentation required t o  a s s i s t  the r e l i a b i l i t y  and quality control groups 
i n  t h e i r  evaluation of cer ta in  par t s ,  materials,  and other hardware con- 
sidered fo r  use i n  the Apollo Program. 
.AXKP: - An examination was made of the s ta tus  of the documentation 
of AIMP D and E a t  the Goddard Space Fl ight  Center. 
of the Project Office, estimates tha t  approximately two cubic f ee t  of 
paper documentation including photographs exists. 
t a ins  lists of materials,  t e s t  resu l t s ,  and manufacturers specifications 
on much of the spacecraft materials. 
leaf folders and stored i n  a f i l i n g  cabinet by Nr. LeDoux a t  GSFC. 
Mr,  Frank LeDoux, 
.- 
The documentation con- 
It i s  currently maintained i n  loose 
The photographs a re  a necessary input t o  the inventory since they 
a re  keyed t o  the t e s t  programs and the ident i f ica t ion  of spacecraft parts 
would be d i f f i c u l t  without them. 
3 
4 
According to  M r .  LeDoux, ident i f icat ion of materials used i n  
experiment packages would not present a d i f f i c u l t  problem. 
the f a c t  t ha t  his  records are  v i r tua l ly  complete, and he knows the location 
of the additional data required. 
This is  due t o  
Gemral ELectric, TRIS User's Nanual, Ifouston, Texas 
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B. Alternative Methads far Pre'serving the Documentation 
At this time, it is possible to retrieve the bulk of the documenta- 
tion relating to the U . S .  missions which have impacted or soft landed 
spacecraft on the Moon. 
endsof the contractors' retention periods for the technical data are in 
the very near future. 
implementation of the documentation collection required for the selected 
inventory model. 
However, it may be seen from Table 2 that the 
This imposes a constraint on the time available for 
The alternatives available to the Planetary Quarantine Office 
under the specifications of alternative (d) of the previous Exotech geporth 
requiring the preservation of documentation of all lunar contact missions 
are in increasing order of complexity: 
1. Extend documentation retention agreements with the 
contractors pending a later decision 
The simplest solution to the problem of preserving the 
documentation is to extend the retention agreements until at 
least 1975 and postpone a decision on the disposition of the 
documentation until then. This will gain time needed to 
determine the full extent of the requirements of the in- 
. ves tigators . 
The primary advantage of this alternative lies in its 
simplicity, and relatively low cost. The disadvantages are 
many, including the fact that the documentation is not 
readily available for examination by persons other than the 
contractors. In addition, it will be widely dispersed ' 
throughout the country, making it extremely difficult to 
gain any meaningful information from the documentation with- 
out considerable travel and time investment. 
2. Direct contractors to transfer documentation to a 
designated Federal Records Center when the retention 
time expires 
Under this alternative, the Government would require 
4~yle, ~oc. Cit. 
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TABLE 2 
CUSTODIAN APPROXIMATE 
OF NUMBER OF CONTRACTOR RETAINS 
PROJECT DOCUMENTATION DOCUMENTS DOCUMFNTATION UNTIL 
Ranger J P L  10,000 1970 (?) 
Surveyor Hughes 3,500 1973Jtjc 
Orbiter Boeing 13,000 1977** 
Apollo GE /Hous ton UTlknOWn 1975** 
AIMP GSFC 4,000 Indefinite 
Project continuing 
* Analysis not needed-document call outs included 
* Estimated close of contract 
(?) Estimated 
the contractors to transfer the documentation as it exists 
to a designated Federal Records Center at the termination 
of the retention period. The Planetary Quarantine Office 
would be notified of any impending changes in the location 
of the record material. 
The advantage of this alternative is that it requires 
virtually no expenditure of funds. 
or handling charges, and no transportation charge to NASA 
if the U.S. mails are used for shipping. In addition, the 
documentation eventually will all be located in a single 
storage center. 
There are no storage 
The main disadvantages are the time delay involved in 
I 
transferring the documentation to the Government and in the 
variety of forms which must be handled. ' 
3 .  Copy documentation in any form and send to designated 
Federal Records Center 
Under this alternative, the contractors would submit 
duplicates of the documentation in whatever form is con- 
venient to a selected Federal Records Center prior to a 
specified date. 
The principal advantage gained is that the documentation 
will be transferred to a single Government operated facility 
at an early date, permitting greater accessibility than if 
kept only. by the contractors. 
The'primary disadvantage of this alternative is that 
a variety of documentation forms must be dealt with. Retrieval 
of information from a collection of such diverse inputs would 
be difficult and costly . 
4 .  Copy documentation into a suitable form for present and 
future use and store in a designated Federal Records Center 
The significant gain in this alternative is the uniformity 
in the format of the stored docmentation. The use of a 
single type of copy will result in a time saving in 
handling the material during any subsequent search and 
retrieval over that in the other alternatives. The 
preferred format would be one which could be used in an 
aperture card at a later date if desired. 
This procedure will cost more than the others 
initially, but may save money in the long run if informa- 
tion retrieval requests are expected. It is not necessary 
to process the data into a final form, only into a form 
which may later be processed into final retrieval form. 
This may be accomplished by converting the documentation 
into microfilm which could be entered into an aperture 
card system at a later date. 
If the decision is made to store all lunar contact 
spacecraft documentation, a single Federal Records Center 
should be designated as the repository rather than utilizing 
the Federal Records Center nearest the present location 
of the documentation. If the U.S. Mail is used for ship- 
ment of the documents, the cost of transportation to NASA 
can be neglected. 
to collect the documentation at a central point. From 
the point of view of convenience, this should be in or 
near the Manned Spacecraft Center, because the Apollo pro- 
It would therefore be more beneficial 
gram is still in progress, and will be for some time, thus 
making it desirable 60 examine all the doouments at this 
single location. 
Consideration was given to the feasible methods of 
duplicating the documentation. The alternatives are: 
Microfilm, 
Microfiche, 
Paper copies, 
Aperture cards, or 
Computer tapes. 
From the  point of view of the i n i t i a l  cost ,  microfilm 
-and microfiche are s l i g h t l y  more expensive than the  hard 
copies. This i s  borne out by the  Boeing Co. quotations 
f o r  copying the Lunar Orbiter documents. 
supplying paper copies i s  approximately $3600 less than 
f i l m  copies. However, f i l m  copies are b e t t e r  suited t o  
automated search and retrieval from the t o t a l  inventory 
co l lec t ion  of documentation. If  the documentation is 
stored on microfilm a t  the  outset ,  considerable e f f o r t  
may be saved later i n  the event tha t  in-depth searches 
must be made. 
The cost  of 
Many of the  documents now stored are i n  the  form of . 
aperture cards. 
the  same information as the fi lms and hard copies, possess 
an advantage over the other forms with the  exception of 
computer tape, i n  tha t  they are eas i ly  re t r ieved using 
a machine sor te r .  The pr incipal  drawback i s  the fact 
t h a t  the f i l m  s i z e  constraints  require two cards f o r  many 
drawings f o r  complete coverage. 
Aperture cards, while bas ica l ly  yielding 
Storage of the documentation i n  the memory bank of a 
computer must be considered, s ince techniques exist f o r  
the reproduction of drawings, c i r c u i t  diagrams and similar 
representations. The computer has not been considered as 
the prime storage and r e t r i eva l  system f o r  the Ranger, 
Orbiter and Surveyor, because the  expense of conversion to  
this type of system is  unwarranted a t  t h i s  t i m e .  I f  it 
w e r e  planned t o  convert the documentation of these missions 
t o  a form usable on a computer, considerable t i m e  would 
have t o  be devoted t o  programming and input. This goes 
beyond the requirements of the Space Science Board, and 
should not be done without cer ta in  knowledge tha t  there 
w i l l  be su f f i c i en t  demands on the  system t o  j u s t i f y  addi- 
t i ona l  expenditures. 
- -  
C. Other Alternat2ves fur  Documentation Preservatian 
In the event tha t  the demands from the investigators a re  suf f ic ien t ly  
numerous, and require more information than i s  available under the intended 
inventory col lect ion plan, it w i l l  become necessary to  augment the system 
t o  enable r e t r i eva l  of more detailed materials information. Therefore 
I 
' requests were made of the contractors for  estimates of the cost  of extrac- 
t ing  the materials data and transferring it  to  NASA i n  a usable form. 
The costs indicated here r e f l e c t  the f a c t  tha t  the select ion would be done 
by personnel experienced with the projects ,  resul t ing i n  cost  savings 
due t o  t i m e  l o s t  by inexperienced personnel i n  learning about the projects.  
The Hughes Aircraf t  Co. proposed that  the following s ix ' t a sks  
would be required t o  accomplish th i s  select ion fo r  Group A and Group B 
Surveyor spacecraft: 
1. 
2. 
3. 
4 .  
5 -. 
6 .  
It 
Obtain a l i s t  of materials approved for  Surveyor and 
ident i fy  those containing organic material .  
Review Indentured Parts  and Drawing L i s t s ,  f o r  Groups 
A and B configured spacecraft, and ident i fy  those 
drawings potent ia l ly  containing organic material:.  
-. . 
Obtain Duplicate Aperture Cards (DACs) f o r  each 
drawing. On the average, two (2) Duplicate Aperture 
Cards a re  required per drawing, since the area 
covered by a DAC "frame" i s  limited t o  44 inches. 
Review the DACs for  organic material and ident i fy  
the type and amount of material  involved. 
Compile a matrix of the amount of organic material 
by type and subsystem or  control item. 
Conduct a study t o  determine the amount of organic 
materials contained i n  the rocket engine products of 
combustion, which would remain on the lunar surface. 
is estimated tha t  the above e f f o r t  would require 17 man-months 
and $1500.00 i n  Other Direct Costs (materials and reproduction). The 
16 
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estimated total fixed price for this job, including general and adminis- 
trative expense and profit, is $53,300. 
In the case of the Lunar Orbiter Spacecraft, the Boeing Go. 
personnel who are intimately familiar with the spacecraft are still 
available and could accomplish the following tasks: 
1. Examine all drawings and documentation. 
2; 
3. 
Determine the composition of the airborne hardware. 
Furnish a report containing the classification of 
the organics and their approximate weight. 
1 
This effort would require six months of effort at a cost to the 
Government of $105,591. 
Exotech has been unable to get a firm quote from JPL with respect 
to the Ranger documentation costs for similar efforts. 
AIMP documentation is to a large extent already broken down in 
the manner described and little additional effort is required to maintain 
the documentation in this form. 
3 
4 
The estimated cost of completing the materials documentation for 
the Apollo program, copying it into a suitable format and entering it 
into the current COMAT/TRIS System is $50-100,000, 
many thousands of documents exist in the hands of approximately 600 con- 
tractors, sub-contractors and other suppliers. The content of these docu- 
ments in terms of organic materials is unknown at this time, and this 
uncertainty contributes significantly to the cost spread. 
It should be noted that 
D. Dlspersim Models 
A survey of analytical methods for evaluating the dispersion of 
contaminants from hard impacts and soft landings was conducted during the 
period of this effort. This survey was carried out in order to determine 
the applicability of existing models to the determination of contamination 
risk areas, and the requirements for programming the models into the 
Interactive Computer Information System for Planetary Quarantine for Lunar 
17 
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frograms. Two models5y6 *ere found Suitable €or use in' the pre- 
dtcting cantaminant spread as a result of landings on tke Moon's 
surface. 
1. Soft Landings 
L 
The model by Aronowitz et a1 covers the chemical con- 
tamination of the lunar surface by LM exhaust during a soft 
landing. The total contaminant distribution is bifurcated 
into two phases of contamination: a far field distribution 
and a near field distribution. 
a. Far .Field Distribution 
The gas plume issuing from the LM descent rocket 
engine nozzle into the vacuum around the moon interacts 
with the lunar surface causing contamination of the 
surface. The rocket plume has two major flow regimes. 
Adjacent to the nozzle exit there is a compressible 
continuum fluid flow regime, but as the gas continues 
to expand out from the nozzle the density decreases, 
and a free molecular flow, far field regime develops. 
When the LM vehicle, in its landing trajectory, 
is at an appreciable altitude, only the fully developed 
far field of the exhaust plume intersects the moon. 
This interaction produces the far field contamination 
that has been analyzed and determined by assuming free- 
molecular point-source flow of the exhaust gas in the 
lunar gravitational force field. 
Flow Model - The flow model thus consists of a 
moving, free molecular-flow point source in the lunar 
gravitational force field. The velocity of the gas 
Grumman Research Dept. Report RE-242 - Investigation of Lunar Surface 
Chemical Contamination by LM Descent Engine and Associated Equipment 
by L. Aronowitz et al.,March 1966. 
Report SC-M-68-539 "The Chances of Retrieval of Viable Microorganisms 
Deposited on the Moon by Unmanned Lunar ?robes", by Martin S. Tierney, 
Sandia Laboratories, Aug. 1968. .- 
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molecules flowing from the source i s  the vector 
sum of the velocity a t  which the source (LM) is  
moving and the source exhaust velocity. 
igni t ion of the descent engine the I;M velocity 
i s  approximately half the exhaust velocity and 
so must be included i n  the analysis. The random 
thermal velocity i s  considerably smaller. 
molecules follow orb i ta l  t ra jectory f l i g h t  paths 
that  may intersect  the spherical  lunar surface 
where, as a f i r s t  approximation, they can be 
assumed to  be fu l ly  adsorbed. 
A t  
The 
Analysis f o r  Contamination Calculation - The 
t o t a l  f a r  f i e ld  contamination d is t r ibu t ion  on the 
lunar surface i s  obtained by integrating a t  each 
of a s e r i e s  of fixed lunar points the time history 
of contamination f lux  fo r  the time period of the 
f a r  f i e l d  portion of the LM landing t ra jectory.  
The input data (LM posit ion and velocity and the 
point source exhaust velocity and density factor 
dis t r ibut ion)  are  such tha t  the integration must 
be done numerically by determining the f lux  a t  
discrete  times over the powered descent phase of 
the LM t ra jectory.  
The principal equation i n  the f lux  calculation 
is  the standard gravitational-force-field part ic le-  
t ra jectory equation that  defines the f l i g h t  path 
of a pa r t i c l e  as a conic section. This equation i s  
most eas i ly  solved i n  a spherical coordinate system 
with or igin a t  the center of the Moon and with polar 
axis going through a known point on the trajectory.  
1 
To calculate the t o t a l  contamination a t  a fixed 
point on the lunar surface, the pa r t i c l e  t ra jectory 
equation must be applied repeatedly t o  the source 
as it moves along the LM t ra jectory.  The move- 
ment of the source means tha t  the local  coordinate 
system for  the pa r t i c l e  t ra jec tor ies  ro ta tes  re la-  
t ive to  the fixed point. Furthermore, the par t ic le  
t ra jectory equation does not expl ic i t ly  determine 
which pa r t i c l e  w i l l  land a t  the fixed point. 
circumvent these d i f f i c u l t i e s ,  a different ,  indirect  
approach must be taken. Therefore, a t  a given time 
or,  equivalent, for  a given posit ion of the source, 
the velocity tha t  a pa r t i c l e  must have a t  the source 
t o  in te rsec t  the fixed point i s  calculated and t h i s  
velocity uniquely determines the pa r t i c l e  f lux  a t  
tha t  point. 
To 
b. Near Field Distribution 
The near f i e ld  d is t r ibu t ion  is concerned with 
the study of lunar contamination by the LM rocket 
gases when the vehicle is  close enough t o  the Moon 
such tha t  a region of continuum f lu id  mechanics 
exists from the exhaust nozzle down to  the lunar 
surface. This problem i s  considered as the near 
f i e l d  erosion problem. 
erosion character is t ics  w i l l  not be consider,ed i n  
the determination of contamination. However, the 
D 
For purposes of t h i s  study, 
program can be used t o  calculate  the redeposited 
par t ic le  dis t r ibut ion on the surface and the 
associated temperature tes t ing for  a suspension 
model, A conclusion reached i n  the near f i e ld  dis- 
t r ibut ion research i s  tha t  par t ic les  of 0.1 mm 
radius may f a l l  as f a r  as 130 meters from the rocket 
nozzle centerline.  
c. Adsorption Estimation 
Adsorption of Rocket Exhaust Gas on the Lunar 
Surface has been calculated using a sol id  lunar surface 
20 
l 
model. 
haust gas on lunar surface material can introduce 
s ignif icant  amounts of  contaminants in to  the 
samples of the lunar surface tha t  the Apollo 
astronauts w i l l  bring back t o  ear th  fo r  s c i en t i f i c  
analysis. 
quantitative calculations of the amount of rocket 
gas adsorbed on the lunar surface, and the sub- 
sequent desorption of these surface contaminants. 
Adsorption of the LM descent rocket ex- 
Discussed herein i s  a model used for  
The model chosen for  the lunar surface i s  a 
rough plane. 
current knowledge of the lunar surface. The 
composition of the lunar surface material ,  i n  
t h i s  mode1,was considered t o  be mainly metal 
s i l i c a t e s .  
This choice agrees well with the 
As the LM descends toward the touchdown s i t e ,  
gas molecules from the rocket exhaust w i l l  s t r i k e  
the lunar surface. While the LM a l t i t ude  i s  above 
100 o r  200 f ee t ,  the molecules s t r ik ing  the sur- 
face a re  i n  the f r ee  molecular flow regime. 
lower a l t i tudes ,  the gas contacting the lunar 
surface i n  the v ic in i ty  of the LM i s  i n  the con- 
tinuum flaw regime. The formulation uses gas- 
dynamic equations appropriate t o  the continuum 
regime. 
A t  
d. Computer Program Usability 
The computer programs developed fo r  the con- 
tamination d is t r ibu t ion  estimates for  both Far and 
Near f i e ld  dis t r ibut ion as well as the adsorption 
computations a re  operational on an IBM 7094 d ig i t a l  
computer. It i s  reasonable to  conclude that  these 
programs have been wri t ten i n  FORTRAN, a widely 
.used s c i e n t i f i c  computation language. It i s  f e l t  
I that with some modifications t o  these programs, con- 
version t o  the CDC 3100 may be possible. 
2. Hard Landings 
The Sandia repor't7 describes the dispersonal 6f contaminants 
during hard landings. Two poss ib i l i t i e s  are modeled. 
0 .  Dispersion of lunar s o i l  ejected by a space- 
craft making a hard landing on the Moon. 
0 A range d is t r ibu t ion  fo r  fragments of a space- 
craft making a hard landing on the Moon. 
The range d is t r ibu t ion  model can be used t o  determine the 
probabili ty tha t  beyond a given distance from impact point no 
fragmentation i s  expected t o  be found. 
The assumptions under which the range d is t r ibu t ion  pro- 
b a b i l i t i e s  are derived should be noted. 
0 Impact of the lunar probe i s  normal to  the 
Moon's surface. 
Fragments are ejected isotropical ly .  
Angle of e ject ion of a fragment is  independent 
of the fragment m a s s  and speed. 
The s o i l  e ject ion model was not used.. I ts  output i s  given 
i n  surface density of crater e j ec t a  p e r  square kilometer ra ther  
than fragmentation dis t r ibut ion.  
The interact ion aspects of the Planetary Quarantine Lunar 
Programs Information System are not operational,  however, the 
computational algorithms for  the hard impact model a r e  opera- 
t i ona l  on the CDC 3100 computer. 
Operational on an IBM 7094 computer. 
The s o f t  landing model  i s  
3. Applications of Dispersion Models 
Table 3 gives a l i s t i n g  of the l a t e s t  information avai l -  
able on landing s i tes ,  impact mass, velocity,  and d a t e  of con- 
tact. The location of Orbiter I V Y  previously unreported, was 
-- - _  
Tierney, Loc.Cit. 
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I supplied by the Data and Tracking Group a t  JPL. Luna 15 
I data a re  not l i s t ed ,  due 00 the f ac t  that .  a t  the time of 
this report ,  Exotech has been unable t o  acquire any in- 
formation other than the report made by the Jodre l l  Bank 
Observatory during the Apollo 2 1  f l i gh t .  
i 
1 
1 
The proposed dispersion models must be combined and 
programmed with terminal t ra jectory information and impact 
sites t o  answer queries such as these 
What i s  the probability of the presence of a 
fragment or fragments of a specified s i z e  or 
mass a t  a designated sampling s i te?  
Which mission(s) would be the principal con- 
t r ibu tor (s )  t o  contamination in  a par t icular  
lunar region? 
A t  given distances from the impacts, what 
s i ze  range of fragments i s  t o  be expected? 
What i s  the closest  point of  approach t o  a pre- 
viously landed spacecraft where the probability 
of detectable contamination i s  less than a 
selected value? 
In order t o  provide answers to  these and similar questions, 
bath models must be u t i l i zed  i n  such a way as to  maintain 
the i r  separate ident i ty ,  and allow the i r  outputs t o  be 
supplementary or independent. In th i s  manner, the exhaust 
components from s o f t  landers and fragments from impacts ', 
can be reported as par t  of a t o t a l  contamination picture or  
as separate consti tuents.  
E. Scope of Materials Documentation 
The analyt ical  e f fo r t s  of the Lunar Principal Investigators a re  f r e -  
quently directed toward the ident i f icat ion of trace amounts of components. 
I f  the analysis reveals the presence of a substance such as sulfur  or 
phosphorus, the investigator w i l l  be  concerned as t o  whether it is  of 
t e r r e s t r i a l  or ex t r a t e r r e s t r i a l  origin.  The investigator w i l l  have an 
fnterference problem whether the sulfur  comes from sodium su l fa te  or  
from a type of rubber tha t  deteriorated on the lunar surface. 
e g e d  periods of t i m e ,  it may be that  the two materials are  v i r tua l ly  
h$distinguishable from each other. 
i n  any case, to  have an estimate of the probability that  a cer ta in  amount 
of sulfur  can be expected as a contaminant i n  the area of i n t e re s t .  
After pro- 
It would be helpful t o  the investigator,  
I 
I 
’ 1 ’ From the point of view of the l i f e  sc ien t i s t s ,  i n  contrast  t o  
tha t  of the analyt ical  chemist, noted above, the source of the contaminant 
i s  important. 
spectrometry, the or iginal  composition i s  destroyed, and the inorganic 
ions are  the same, regardless of the source. The phosphorous from a 
phospylipid i s  indistinguishable from that  from a phosphate; a f t e r  treat.- 
ment n i t r a t e  nitrogen appears the same as that  from an amine. With addi- 
t ional  e f fo r t ,  differences can be  ident i f ied,  but the problem i s  obvious. 
After some treatments, notably gas chromatography/mass 
The information available from the inventory would be more com- 
prehensive i f  the scope were broadened t o  include a l l  non-metallic materials,  
h 
d especially those materials which include the i r  composition elements of 
4 
biological composition. This l i s t  should include those elements such as 
N, P; S, Ng, K, Mg, Ca, S r ,  F ,  C l ,  B r ,  and I fo r  example and any others 
which have been found necessary for  t e r r e s t r i a l  l i f e  and are  present i n  
non-metallic compounds. 
F. Future Requirements 
The compilation of a lunar inventory of possible surface contaminants 
i s  predicated upon the f ac t  that  future needs w i l l  require information con- 
cerning the ident i ty  of these materials. It i s  obvious that  the space- 
c r a f t  documentation preserved i n  i t s  present s ta tus  cannot answer these 
projected needs. An assessment of future requirements i s  needed, since 
any detailed characterization, indexing o r  categorization of the documenta- 
t ion  beyond that  of ident i f icat ion according to  missions i s  unwarranted 
(except fo r  Apollo) a t  t h i s  time unless a real demand i s  expected. 
A program should be in i t ia ted  which w i l l  enable the prediction of 
these needs and thereby permit  planning to  accommodate them. Certain 
assumptions have been made i n  th i s  study concerning future needs, although 
the information needed f o r  valid estimates is  not available a t  t h i s  time: 
The f i r s t  assumption tha t  must be considered i s  whether or not j u s t i f i ca -  
t ion  ex is t s  fo r  expecting that  t h i s  documentation w i l l  be requested. 
The rat ionale  fo r  saying tha t  it w i l l  be requested i s  based upon the 
expectation that  the next generation of analyt ical  instrumentation w i l l  
operate a t  increased sens i t i v i ty  levels, i.e., where par ts  per b i l l i o n  
sens i t i v i t i e s  are  now commonplace, p a r t s  per t r i l l i o n  a re  l ike ly  t o  be 
obtainable i n  the near future. I f  t h i s  i s  indeed the case, background 
levels w i l l  have to  be examined very careful ly ,  and t h i s  may lead to  re- 
quests f o r  more de t a i l s  on the materials which make up th i s  background. 
Along the same l i n e  of thought, a twenty year period recommended 
fo r  retention of documentation is considered suf f ic ien t  t o  cover any 
future need fo r  the inventory. 
The information requests received during th i s  period w i l l  a l so  
establ ish whether or not more detailed procedures a re  needed for  a storage 
and r e t r i eva l  system to  manage the information contained i n  the inventory. 
3 
4 G. Maintaining the Inventory 
During the study, considerable d i f f i cu l ty  was experienced i n  
attempting t o  update the landing parameters and location coordinates fo r  
several of the missions. In order to  maintain the inventory with the 
best  available information, such data should be frequently reviewed and 
updated. 
the programs, and become less  r e l i ab le  as the groups change. 
source i s  needed which can provide th i s  type of information to  interested 
personnel. 
spacecraft program, MSC, Houston i s  the logical Center t o  s e t  up and 
maintain a l l  data on landing s i t e s ,  impact character is t ics ,  and other 
pertinent information on lunar mission hardware. 
t o  include a l l  available infomation on USSR landers as w e l l .  
A t  present, €hey are scattered among the agencies responsibile fo r  
A cent ra l  
Since much of t h i s  e f fo r t  i s  d i rec t ly  related t o  the manned 
An e f fo r t  should continue 
In describing the potential  usefulness of the inventory, an incident 
of recent occurrence should be noted. 
the accuracy of the model formulated by Aronowitz fo r  so f t  landers e i ther  
No plans have been made to  check 
27 
.. 
by analyzing specimens taken near the LM on Apollo 11 and 12, or those 
taken from the crater containing Surveyor 3.  
describing the LM exhaust products has been published', and has ap- 
parently enabled one researcher to identify a fluorescent material as 
having originated in the LM exhaust. Considerable benefit would result 
from verification of this model enabling the prediction of uncontaminated 
sampling sites, and in the degree of contamination to be expected close 
to the LM. 
A recent publication 
The only discrimination of classes of materials presently 
available in the inventory documentation is that of the Apollo program 
which separates out the non-metallic components. This is the only 
limitation applied to the collection of materials information and is 
a more realistic distinction than organic/inorganic. 
prescribed scope of the inventory documentation to this extent, possibilities 
of omission would be decreased considerably at little cost since the 
Apollo documentation system is already observing this division. 
concept is adopted, the inventory would be capable of providing more com- 
prehensive information than would be possible with an arbitrary elimination 
of inorganic materials. 
By increasing the 
If this 
3 
n 
Additional useful information which could be entered into the 
Planetary Quarantine computed-based information system includes the loca- 
tions of the various sub-sections within the spacecraft documentation and 
general cross-reference index. To illustrate: Although the spacecraft 
materials information will not be analyzed or categorized, the primary 
index titles as utilized by the various contractors in filing the informa- 
tion could be carried through. Requests for information relatingato a 
particular subassembly on Ranger VI1 could also provide file locations on 
similar subassemblies on Rangers VIII, IX, IV and VI at the same time. If 
information concerning the desired mission is incomplete similar data for 
an identical spacecraft could be indicated. 
. 
Apollo Lunar Madule Engine Exhaust Products, B.R. Simoneit,A.L. Burlingame, 
D.A. Flory and I . D .  Smith,Science, Vo1.,166, No.3906, NOV. 7, 1969 
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IV . RECOMMENDATIONS 
lor (1) the preservation of documents and, (2) the implementation of a 
mherials information sys tem. 
d tailed data on types and quantities of materials contained on particular 
flight vehicles for which there may or may not be a demand. 
cLtegory represents the general methods for providing to potential users 
information on the risk or likelihood of sample contamination and, if 
appropriate, also on the type, quantity and source of the contamination. 
The documentation category is therefore a subelement of the information 
system. However, since action takkn on the preservation of documents - 
and mqre significantly, the lack of such action has an irreversible effect 
on the future usefulness of an information system, the recommendations 
concerning the preservation of documents require early attention. 
It is convenient and useful to present recommendations separately 
I1 
The first category deals largely with B 
The second 
A. Implementation of an Information System 
To assure that costs are compatible with known benefits, it is' 
., 
3 
r* 
recommended that implementation of an information system be carried out 
in two steps as follows: 
1. Preparation of Contamination Risk Model for the Moon 
Information concerning the likelihood of sample con- 
tamination by materials of terrestrial origin (due to prior 
lunar flights) should be prepared and made available to 
interested personnel within NASA and the scientific com- 
munity. This is most readily accomplished either 
in tabular form or as a map of pertinent regions of the 
Moon containing contamination probability "contours". 
The updating of the system at KSC with all pertinent 
lunar mission spacecraft parameters is required. The in- 
formation is currently not available from a single source, 
but must be sought from the various responsible agencies. 
The dispersion models of Aronwitz and Tierney should 
be programmed into the Planetary Quarantine computer system 
29 
r- ' 
t i n  a manner tha t  w i l l  provide ident i f icat ion of surface areas 
I 
3 
P 
i n  the v ic in i ty  of spacecraft landing sites where contamina- 
t ion  may af fec t  the samples. 
models delineated by Aronowitz and Tierney, and to  specify 
t h e i r  e f fec t  on the various sampling s i t e s ,  the best zvail-  
able information on the impact parameters and locations of 
the spacecraft must be applied. This input t o  the inventory 
should be updated as be t te r  information becomes available. 
It should be noted tha t  the inclusion of t h i s  input to  the 
In order t o  apply the dispersion 
information system i s  important i n  order t o  provide estimates 
of the dis t r ibut ion of contaminants over the lunar surface, 
and to provide an estimate of the probability of a con- 
taminated surface sample being drawn from a par t icular  
region of the Moon. 
be t te r  the estimates w i l l  be. Unlike the materials docu- 
mentation input which t r ea t s  U.S. spacecraft alone, t h i s  _ _  
information t r ea t s  a l l  spacecraft, including those or iginat-  
fng i n  the USSR. 
' 
The more precise these inputs are,  the 
The most important output from th i s  system, i n i t i a l l y ,  
is the delineation of the contamination r i s k  areas. The 
intended Apollo landing s i t e s  through Apollo 20 have been 
tentat ively selected. Issuance of the expected contamina- 
t ion  levels ( r i s k  areas) i n  these and adjacent areas would 
be valuable aids i n  planning these missions. 
2. Assessment of Future Requirements 
With the information now available,  the precise questions 
to  be expected from investigators of lunar sample materials 
cannot be predicted a t  t h i s  time with suf f ic ien t  certainty.  
Provisions fo r  gaining additional information on potent ia l  
requirements a re  therefore necessary. 
I 
It is recommended that  a questionnaire be distributed t o  
recipients of the Lunar Contamination Model. The question- 
naire  should determine the aim of the research, the general 
-- . 
30' 
n 
4 
! techniques and instrumentation to be used, the elements of 
I 
- interest, the interferences, the expected use of the 
system, particular types of information desired, and 
relevant data. From these questionnaires, estimated 
can be made, conclusions as to indexing requirements 
I ii 
i 
be drawn and the type of retrieval system which will 
useful can be selected. 
B. Preservation of Documents 
1. Minimum Requirements 
data 
other 
usages 
can 
be most 
-. 
The fundamental consideration with respect to space- 
craft materials documentation is that disposal or loss of 
pertinent records be prevented so long as a possible need 
exists for such information to support lunar sample inves- 
tigations. 
ments exists in the retention time requirements imposed 
upon the various contractors. This should be supplemented 
by a requirement for notification of the Planetary Quarantine 
Office prior to disposal or transfer of the documents from 
their present locations. Implementation of a notification 
I 
The mechanism for preservation'of these docu- 
requirement would ensure against inadvertent loss of the 
information. 
2.  Recommended' Storage Procedures 
A more direct approach to the solution of the problem 
is to order transferral of the documentation, or suitable 
copies thereof (see below), to the Federal Records Center 
nearest the cognizant agency at the end of the contractually 
specified retention time for technical data. 
is the Apollo documentation. In this area, the COMAT/TRIS 
system should be expanded to contain the additional docu- 
mentation required for all nonhabitat areas, e.g., the 
descent stage. The documentation need not be completely 
detailed with respect to test results of flammability or 
tests of other types pertinent to the current needs of the 
The exception 
i ! 
i 
I sys t e m ,  but 
I information 
I ;  
should contain a l l  nonmetallic organic materials 
pertaining to  amounts, c lass i f icat ions,  and 
/ I  specifications of the material. Incoming documentation 
should be separated into two categories: (1) tha t  which con- 
tains no materials information; (2) the remainder. Category 
(2) should be indexed with a br ief  descriptive t i t l e  and 
entered into the system. 
and transferring the documentation should be shared by the 
personnel currently managing the system, aided By the 
prime contractors, North American Rockwell, Grumman Aircraft  
and the Manned Spacecraft Center. 
i 
The responsibi l i ty  for  locating 
The urgency of t h i s  move 
I cannot be overstressed since construction of the remaining 
Apollo spacecraft i s  now v i r tua l ly  complete and personnel 
now assigned to  these projects a re  l ike ly  to  be transferred.  
With th i s  action, the location of many documents i n  the 
hands of suppliers w i l l  become obscured. The documents 
pertaining t o  the habi tab i l i ty  areas of the CM and LM are  
necessary, but i n  themselves not suff ic ient  fo r  the inventory, 
because the descent stage of Apollo 10 w i l l  impact a t  a 
future  date, and the ascent stage from Apollo 12  impacted 
on November 20, 1969. 
3.  Suitable Copy Recommendations 
Of the formats described previously, the one tha t  i s  most 
sui table  for  both present and evisioned future  needs i s  the 
aperture card. It i s  readily indexed i n  any way desired, 
lends i t s e l f  t o  rapid and select ive r e t r i eva l ,  requires 
l i t t l e  storage space i n  re la t ion  t o  the amount of informa- 
t ion it can carry and i s  durable enough t o  withstand a great 
deal of handling. It i s  therefore recommended tha t  the 
aperture card be established as the standard copy fo r  all 
information t o  be copied for  t ransfer ra l ,  and that  t h i s  also 
be the form that  any future indexing or categorization 
should follow. 
! 
4 
I  
I A requirement should be issued tha t  the documentation 
concerning nonmetallic materials,  t h e i r  specif icat ions,  
and other pertinent data, but excluding such i t e m s  as 
flammability tests,  fo r  a l l  future  lunar missions be sent 
t o  the COMAT system f o r  inclusion in to  the inventory. 
This w i l l  a i d  i n  keeping future  search costs  down. It 
is l i ke ly  tha t  l i t t l e  fur ther  documentation can be ex- 
pected under the Apollo requirements except f o r  the Lunar 
Vehicle, but t h i s  w i l l  cons t i tu te  a large amount of 
material input tha t  w i l l  not have to be processed a t  a 
l a t e r  date. This can also accommodate the inputs from 
the possible lunar o rb i t  shut t le  vehicles f o r  extended 
exploration of the surface. I 
In the event t h a t  requests from pr incipal  investigators 
warrant the additional e f f o r t  necessary t o  provide more 
spec i f ic  information concerning the organic materials,  it 
is  recommended t h a t  the COMAT/TRIS system format be used 
as a nucleus fo r  an active inventory system. 
